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ABSTRACT

Experiments were conducted in the greenhouse and
in the field to study the effects of applications of calcium
carbonate, molybdenum,

sulphur, phosphorus, and combinations

of these materials on the soil reaction, production of dry
matter, yield, and the m o l y b d e n u m contents of the soil,
leaves and the seed of soybeans Glycine max

(L.) Merr.

A method that could be used to predict a response by soybeans
to applied molybdenum was evaluated.

An additional study was

made to determine the effect of a low content of soil m o l y b 
denu m on nitrate reduction in the soybean plant and the
fixation of nitrogen by the soybean-Rhizobium complex.
Calcium carbonate applications increased the dry
matter production of Lee soybeans grown on Buxin sicl and
Olivier sil.

The calcium carbonate did not increase the

ammonium oxalate extractable m olybdenum content of soil,
however,

the molybden u m content of the leaves was increased

by calcium carbonate additions.

xi

Molybdenum treatments Increased significantly the
dry matter production of Dare soybeans grown on Calhoun sil,
Crowley sil, and Gallion vfsl, but they did not increase the
dry matter production of the soybeans grown on Jeanerette
sil.

Calcium carbonate eliminated the response to applied

molybdenum by soybeans.

The highest concentration of

molybdenum in the leaves was obtained wh e n m olybdenum
was applied w i t h calcium carbonate.
Sulphur applied as sulfuric acid increased the m o l y b 
denum content of the leaves of soybeans grown on Norwood
sil, pH 7.7.

When m o l y b d e n u m was applied wit h sulphur a

reduction in the molyb d e n u m content of the leaves was ob 
tained when compared with the molyb d e n u m treatment alone.
Phosphorus applied as normal superphosphate to
Olivier sil, pH 5.0, decreased the molyb d e n u m content of the
soybean seed.

The depressing effect was overcome by liming

to pH 7.0.
A response to application of molybdenum by soybeans
was generally obtained when the value of soil pH +

(10 x

Extractable Mo) was less than 7.5
The low content of extractable m o lybdenum in the
Calhoun sil and Gallion vfsl,

0.19 and 0.14 ppm, ma y have

limited the soybean plant growth by limiting nitrogen

xii

fixation by the soybean-Rhizobium complex,

and probably

did not limit growth through the nitrate reduction in
the plant.

xiii

INTRODUCTION

As early as 1937, Bortels

(13) reported a beneficial

effect of molybdenum on the growth of legumes.

This was

followed by research conducted by Arnon and Stout

(6) which

established the essentiality of molybdenum for normal growth
and development of higher p l a n t s .
The first large-scale use of molybdenum probably
occurred on acid soils in Australia used for the production
of legumes in pastures.

A n d e r s o n (3) obtained significant

response to molybdenum applied to soils used for the pro d u c 
tion of subterranean clover, Trifolium subter r a n e u m , and
alfalfa, Medicago s a t i v a .

The discovery and correction of

molybdenum deficiencies of soils in Australia and New Zealand
has resulted in the development of extensive areas of p r o 
ductive land which had previously been unproductive for
agricultural purposes.
During the past decade reported incidences of m o l y b 
denum deficiencies in soils in the United States have increased
significantly.

According to Rubins

(55), in 1955 molybdenum

deficiencies of crops grown under field conditions had been
observed i n ,only 13 states.

By 1962 the number of states

reporting deficiencies had increased to 21

(9).

The fre

quency of recognized deficiencies of m olybdenum will p r o 
bably increase as more emphasis is placed on the higher
yields of crops.

Intensive cropping systems and soil

management practices will undoubtedly cause a more rapid
depletion of molybden u m and other plant nutrient elements.
Reported responses to molybdenum have been obtained
with soybeans grown under field conditions on certain soils
in Louisiana

(36, 42,

56, 57).

Significant increases in

the yield of soybeans have been obtained from the use of
molybdenum on soils with pH values of 5.2 to 6.2 and when
the dilute-acid-extractable calcium content was less than
1000 ppm

(56).

The yield increases attributed to the

application of molybdenum have ranged from 94 kg per
hectare,

1.4 bushels per acre, to 7 86 kilograms per hectare,

11.7 bushels per acre

(56).

Yield increases have not been

observed on near neutral to alkaline soils, or on acid
soils that have received recent applications of limestone
(36, 57) .
Prior to the initiation of this investigation,
attempts to accurately measure molybdenum in soils in
Louisiana have not been satisfactory.

Due to the extremely

small amounts of soluble molybdenum present in mos t soils,

3
it was necessary that a method be employed that would
accurately measure the m olybdenum content of the soils in
order to predict the response by soybeans to applied m o l y b 
denum.
Since soil reaction

(pH) is one of the mos t impor

tant factors affecting the uptake of m olybdenum by plants,
this investigation was initiated with the following objectives
(1)

to determine the influence of soil reaction on the

response by soybeans, Glycine Max
molybdenum,

(2)

(L.) Merr.,

to applied

to determine the effects of phosphorus

and sulphur on the content of m o l y b d e n u m in leaves and seed
of soybean plants,

(3)

to evaluate a method that could be

used to predict a response by soybeans to applied molybdenum,
(4)

and to determine the effect of a low content of soil

molybdenum on nitrate reduction in the plant and the fixation
of nitrogen by the soybean -Rhizobium complex.
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REVIEW OF LITERATURE

Forms and Contents of Molybdenum in Soils
Molybdenum ma y be present in soils in a number of
different forms.

Dobritskaya

of m olybdenum in soils.

(18) recognized three forms

M olybdenum ma y occur as part of

the mineral structure of soils, as an anion adsorbed by
soil minerals,
Davies
groups.

and it ma y be bound with organic matter.
(16) classified soil m olybdenum into four

Molybdenum may be held within the crystal lattice

of primary and secondary minerals and is not available to
plants.

It may be retained by clay minerals as the anion,

M o 0^, and the "availability" to higher plants is dependent
upon soil reaction

(pH) and probably the phosphate status.

M olybdenum may be a constituent of soil organic matter.

A

relatively small amount of the element may exist in the
water soluble form.
Based on solubilities of the different oxides of
molybdenum and the absorption of m olybdenum by cotton
seedlings, Amin and Joham

(2) suggested the classification

of m olybdenum in soils as f o l l o w s :

(1).

Water soluble m o l y b d e n u m consisting largely
of soluble salts of m olybdenum which are c o n 
sidered available to plants.

(2).

A mmoniu m hydroxide soluble m o lybdenum which
corresponds closely to the solubility of
molybde n u m trioxide, M 0 O 2 .

M0 O2

is readily

available to plants.
(3).

Oxidizable m o l y b d e n u m which is not available to
plants,

and whose solubility closely corresponds

to the reduced oxides of molybdenum, M 0 O 2

and

M°20 5 .
Molybdenum is generally found in soils in very small
amounts.

Although plants need only very small amounts of

molybdenum, most of the m o l y b d e n u m present in soils is
apparently held in an unavailable condition.

This is

especially true for acid soils, where most of the response
to molybdenum has been reported

(7, 26, 33, 41, 46).

The

total content in the soil apparently does not reflect the
amount available to plants since a large part of the m o l y b 
den u m is not available to plants.
A considerable quantity of molyb d e n u m m ay be present
in organic matter.

Some of the peat soils in Florida contain

excessive amounts of molyb d e n u m

(22) .

Grigg

(25) noted a

correlation between loss on ignition of soils and molybdenum
extracted with NaOH.

His data suggested that a definite

amount of molybdenum in soils was associated with the
organic matter fraction.
The total molybdenum content in soils generally varies
from 0.6 to 3.5 ppm

(19, 25, 53, 54).

Some soils contain

considerably larger amounts of total molybdenum than do
others.

An extremely large amount of total molybdenum,

31.5 ppm, was found by Robinson et al
silt loam.

(54) , in the DeKalb

The large amount of molybdenum found in this

soil was attributed to the high molyb d e n u m content of the
parent material.
According to Grigg

(25) the ammonium oxalate

extractable molybdenum content of several soils in New
Zealand varied from 0.03 to 0.22 ppm.

The water soluble

molybdenum content of soils is reported to be generally
low.

Gammon et al.

(22) determined soil m olybdenum with

different extracting solutions.

The results showed that

water s o l u b l e ,molybdenum was lowest, ammonium hydroxide
soluble was highest,

and nitric acid soluble was intermediate.

Factors Affecting the "Availability"
and Response to M olybdenum
The uptake of m o l y b d e n u m by plants from a culture
solution has been reported to be favored by an acid r e 
action

(61).

However,

in soils the "availability" of

molybdenum decreases as the acidity increases

(7, 21).

The effect of lime on decreasing the acidity of the soil,
and in turn increasing the uptake of molyb d e n u m by plants
is due to the effect of the lime in increasing the supply
of "available" m olybd e n u m in the soil, rather than to any
t

physiological effect of soil reaction of
of m olybdenum by plants

the absorption

(5).

The practice of liming the soil to correct the
molybdenum deficiency disease commonly referred to as
"whiptail" of cauliflower was known long before the true
nature of the disease was discovered

(15).

A disease in

citrus called "yellow spot" is also, caused by molybdenum
deficiency.
and Leonard

This disease was first described by Stewart
(60) and it was corrected by liming.

In soils

where the total molyb d e n u m content is low, liming ma y have
a limited value in correcting m o l y b d e n u m deficiency

(4).

On some soils responses to m o l y b d e n u m have not been obtained
if lime has been applied

(33).
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Many individuals have demonstrated that liming
increased the m olybde n u m content of plant tissue
2 3 , 2 6 , 30,

33, 54, 65).

Robinson et al.

(7, 21,

(54) reported

that liming an acid soil to pH 7.0 - 7.6 increased, the
m olybd e n u m content of alfalfa, crimson clover,
winter peas six to eleven fold.

and Austrian

Heavy applications of lime,

however, did not increase the m o l y b d e n u m content of ryegrass
nearly as much as it did that of the legumes.

James et al.

(3 3) obtained similar results with alfalfa grown under
field conditions on acid soils in Oregon.
m o l y b d e n u m content in the soil,
Perkins

With a low total

0.60 ppm, Giddens and

(23) obtained only a slight increase in the m o l y b 

denum content of alfalfa, as the result of adjusting the soil
reaction from pH 5.5 to 6.3.

Gupta

(26) also showed that

liming the soil to pH 6.5 did not increase the molybdenum
content of cauliflower,

alfalfa, or bromegrass over 1.5 ppm.

It has been demonstrated by man y workers that liming
also increases the uptake of applied m olybdenum

(1, 21, 33) .

An application of lime and m olybdenum has resulted in plant
molybdenum composition of alfalfa well within the toxic
level for the livestock and the content was muc h higher
than wh e n either treatment was applied alone

(33).

Similar

results have also been obtained with bromegrass, alfalfa
and cauliflower grown on acid soils containing low amounts
of total molybdenum under greenhouse conditions

(26).

Only a limited amount of data are reported in the
literature regarding the effect of lime on the uptake of
molybdenum by soybeans.

Nugent et al.

(44) reported the

increase of both native and applied m olybdenum in soybean
leaves resulting from the application of limestone.
and Giddens

Gurley

(30) analyzed the molyb d e n u m content of soybean

seed obtained from different treatment combinations of lime
and molybdenum.

A significant increase in the molybdenum

content of the seed was found, and the highest content was
obtained when lime was applied together with a seed treat
me n t and a foliar application of molybdenum.
The anion, MoO^, may be adsorbed by clays and an
increase in its availability with increasing pH values
could be explained partly by the following equation
Mo 04
clay

+ 2 OH" 4r~"1 > M o 0 4 =
Mo 04

Barshad

(62):

HO
+ HO
Mo 04

clay

(7) showed that the removal of molybdate anions

from the solution by acid clays was accompanied by an in
crease in the pH of the solution.

He postulated that

exchange between molybdate a n i o n s , M o O ^ = or H M o 4 , and

hydroxyl ions of the clay take place in the soil in the same
manner as phosphate ions.

The following equation was used

to illustrate the reaction

(7).

Clay

OH
OH
OH
OH

Amin and Joham

]

Mo 04

+ 2 MoO ~

v

Clay

+ 4 OH

Mo 0 4

(2) proposed a molyb d e n u m cycle in

soils in which soluble molyb d e n u m salts were in equilibrium
with less soluble molybdenum trioxide, MoOg.

The following

illustration was used to show the equilibrium reaction
Soluble Mo Salt <

", * M 0 O 3 \

(2

):

■ £ M0 O2

M o 2°5
In acid soils the equilibrium would be in favor or MoOg.

By

increasing the pH the equilibrium would shift to the left,
forming soluble molybdenum s a l t s , which results in a lowering
of the amounts of slightly soluble M o O g .
Several workers

(8 , 41, 61) have reported data indi

cating that molybdenum uptake could be increased by the
application of phosphorus to a soil.

According to Barshad

(8 )

the molybdenum content of Ladino clover was greatly increased
by the application of phosphoric acid.

Acidifying the soil

with sulphuric acid, however, reduced the m olybdenum content
of clover.
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Stout et al.

(61) also reported an increase in

molybdenum uptake by subterranean clover that received
phosphorus fertilization.

The increases were particularly

evident when phosphorus and m o l y b d e n u m were applied in co m 
bination.

The m olybd e n u m content in the plant tissue was

increased ten to thirty-fold over the tissue of plants
grown on soils that did not receive phosphorus.
Mulder

(41)/ working wit h soils in the Netherlands,

found that the soils on which plants responded to added
molybdenum were low in "available" phosphorus.

An applica

tion of phosphorus alone to these soils exerted the same
effect as did a molyb d e n u m application.

An application of

molybdenum reduced the need of added phosphorus and resulted
in the Optimum growth of cauliflower.
There are only a few theories concerning the in 
creased uptake of molyb d e n u m in the presence of phosphorus.
Davies

(16) proposed the possibility of an anion exchange

effect in soils in which phosphorus replaced molybdenum
which was held on the exchange complex.

Since the uptake

of molybdenum in water culture is similarly enhanced by
phosphorus, another explanation is needed to explain the
relationship between phosphorus and molybdenum.

The r e 

lationship between the soil anions, molybdate and phosphate
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may be associated wit h the formation of a complex phosphomolybdate anion whic h is absorbed more easily by the plant
than the molybdate anion alone

(8 ).

Many workers have reported that the application of
superphosphate depressed the m o l y b d e n u m content of the plant
(27, 45,

6 6

).

Since superphosphate contains approximately

50 percent calcium sulphate,

the depressing action of super

phosphate on the uptake of m o l y b d e n u m by crops may not be
due to the phosphate ion, but rather to the sulphate ion

(61).

In an experiment conducted under greenhouse con d i 
tions,

sulphur as ammonium sulphate was found to increase

the yield and sulphur content of Brussels sprout and it
sharply reduced the m o l y b d e n u m content of the plant tissue
(29).

When molyb d e n u m was applied,

sulphur was m u c h more

effective in decreasing the m o l y b d e n u m content of the plant
tissue.

Stout et al.

(61) reported that sulphur applied as

calcium sulphate decreased molyb d e n u m absorption by tomatoes
and peas.
et al.

The data reported by Gupta and Munro

(29) and Stout

(61) suggested that sulphate ion was responsible for

depressing the absorption of molyb d e n u m by plants.
Walker et al.

(63) found that calcium sulphate r e 

duced the yield of clovers and this was attributed to the
increased uptake of m a n g a n e s e , whi c h resulted in an

13

antagonism between manganese and m o l y b d e n u m in the plant.
The antagonistic effect was overcome by application of
molybdenum.
According to Reisenauer

(51) sulphur fertilization

apparently reduced the efficiency of utilization of m o l y b 
denum by the pea plant.

This was especially true when low

levels of molybdenum were found in the plant tissue.
Reisenauer

(51) concluded that higher levels of m o l y b d e n u m

in plants are generally required for m a x i m u m yield as the
sulphur content of the plant tissue increased as the result
of sulphur fertilization.
The depressing effect of the sulphate-ion on m o l y b 
denum uptake may be due to its acidifying action on the
soil

(10).

However, the mai n cause apparently lies in the

physiological effect of sulphate in decreasing the m o l y b 
denum uptake in plant tissue.

Since the MoO^

divalent and is the same size as is the

anion is
anion,

it is

possible that these two anions ma y compete directly for
absorption sites on the roots during the first step of
absorption from the soil by plants

(61).

Gupta and Munro

(29) showed that relatively high rates of sulphur did not
change the pH of soil and yet sulphur had a depressing
effect on the uptake of molybdenum.

14
Prediction of Yield Response to Molybdenum
Several attempts have been mad e to relate the m o l y b 
denum content of plants w i t h yield
Reisenauer

(17, 33, 35, 38, 50).

(50) reported that there was a relationship b e 

tween the yield of alfalfa and molyb d e n u m content of the
plant.

He stated that an increase in the yield of alfalfa

resulting from fertilization wi t h m o l y b d e n u m would not be
expected when the mol y b d e n u m content of the leaves was
greater than 0.4 to 0.5 ppm.

James et al.

(33) reported

that the critical level for m o l y b d e n u m in alfalfa was from
0.3 to 0.5 ppm.

Gupta and Mackay

(28) found significant

positive relationships between the m o l y b d e n u m contents in
plant tissue and the yield of the plants grown in untreated
soils.
According to Melsted et al.

(38) the critical values

of molybdenum in the plant tissue of soybeans was 0.5 ppm.
deMooy

(17), however, obtained yield responses to a p p l i c a 

tions of m olybdenum w h e n leaf concentrations of m o l y b d e n u m
were far above the critical value reported by Melsted et al.
(38).
Lavy and Barber

(35) suggested that the m o l y b de n u m

content of soybean seed would be a suitable indicator of
the "available" molyb d e n u m status of a soil.

They found
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that when the molybde n u m content of soybean seeds from
untreated soils exceeded 1.6 ppm, little or no yield response
was obtained from an application of molybdenum.
to Lavy and Barber

According

(35) the analysis of the m olybdenum co n 

tents of soybean seed has two advantages over the analysis
of tissue samples from other parts of the plant.

The

relatively large contents of m o l y b d e n u m in seeds assured
' * ■/'

more precision in measurement,

and the analysis of mature

seeds minimized differences in molyb d e n u m contents due to
differing stages of plant development.
The establishment of critical levels of molybdenum
in plant tissue mu s t be mad e wit h due consideration to the
particular plant part analyzed.

The physiological age of

the different plant parts should also be taken into c o n 
sideration.

Reisenauer

(50) showed that the concentration

Of molybdenum in the leaves of alfalfa plants was approxi
mately four times that of the stems.

He also noted that

wide variations in leaf-to-stem ratios had probably accounted
for failures by some workers to obtain significant corr e l a 
tions between m o l y b d e n u m analyses and fertilization rates.
Barshad

(7) demonstrated that molyb d e n u m content

tends to increase wit h age of plant, particularly during
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periods of slow growth.

The level of other plant nutrient

elements may also influence the relationship between the
molybdenum content in plant tissue and the yield

(41, 51).

When molybdenum deficiency limits growth through restricting
symbiotic nitrogen fixation, the molyb d e n u m content of
legumes can be misleading

(1).

Aspergillus niger has been used for the bioassay
of "available" molybdenum in soils

(40, 43).

The method

is very sensitive and has been used to determine lower
contents of molybdenum in plant tissue extracts and in the
plant ash than could not be detected by chemical methods

(43).

Aspergillus niger has the advantage that it is not subjected
to certain interactions to the same extent as are higher
plants

(41).

Correlations between the availability of

molybdenum to Aspergillus niger and to higher plants have
also been noted

(40, 41).

A variety of chemical extractants have been used to
determine the content of molybdenum in soils
According to Davies

(7, 8, 22, 25).

(16) neutral normal ammonium acetate,

normal ammonium acetate adjusted to pH 9 with NH^OH,
1.0 N NH.OH, water,
4

10 N H N O _ , 0.1 N H N O _ , and 10 N NH OH
3
3
4

have been used to extract molybdenum.

Grigg

(25) noted
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that responses to applications of molyb d e n u m were obtained
when the ammonium oxalate extractable molyb d e n u m level of
the soil was below 0.14 ppm, provided the soil reaction was
below pH 6.3.

Mueller et al.

(39) determined the extractable

molybdenum content of 1500 soil samples by the method p r o 
posed by Grigg

(25) and, by using pH +(10 X ppm Mo) as a

yardstick, they found m o l y b d e n u m application stimulated
growth of alfalfa whe n a value was 6.2 or less.

When the

calculated value was 8.2 or greater, application of m o l y b 
denum had no effect on the growth of alfalfa.
Gupta and Mac k a y

(28) stated that there was a sig

nificant relationship between the ammonium oxalate extractable
molybdenum content of the

soil and the yield of

no molybdenum was applied

to the soil.

The Role of
The importance of

crops when

M o l y b d e n u m in Plants
m o l y b d e n u m for the fixation of

gaseous nitrogen by Azotobacter chroococcum was first d e m o n 
strated by Bortels

(12).

Later he showed that the growth and

nitrogen fixation by peas, soybeans and red clover were in 
creased by the application of m o l y b d e n u m
Mulder

(13).

(40) studied the effect of molyb d e n u m on

nitrogen fixation by pea plants in culture solutions.

He
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found that, in the absence of molybdenum, many nodules were
formed, but the nitrogen fixing capacity of the nodules was
greatly reduced and this resulted in a poor nitrogen supply
to the plants.

Hangstrom and Berger

(31) reported that

application of molybd e n u m increased the nodulation and
nitrogen content of soybeans and peas.
Bond and Hewitt

(11) , working with Myrica grown in

culture solution, demonstrated the effectiveness of nitrogen
fixation in the nodules of plants supplied with molybdenum.
Plants supplied wi t h m o l y b d e n u m fixed 383 m g of nitrogen
per gram of nodule dr y matter formed, whereas the cor re s 
ponding value for plants that were m olybdenum deficient
was only 83 milligrams.
As early as 1936 Steinberg

(59) presented evidence

indicating that m o l y b d e n u m had a specific function in
Aspergillus niger that was not associated wi t h nitrogen
fixation.

The work of Mulder

(40) confirmed the essential

ity of molybdenum for the utilization of nitrate by A s p e r 
gillus niger as well as by the green plants.

His results

indicated that molybd e n u m is indispensable for the r e d u c 
tion of nitrate in tomato plants.

In the absence of

molybdenum, nitrate-nitrogen accumulated in the tomato
leaves and there were very small amounts of soluble organic

nitrogen compounds and proteins formed.

Mulder

(40) co n 

ducted another experiment which showed that molybdenum was
essential for the first step of nitrate assimilation, which
involved the reduction of nitrate to ammonia.

The leaves

of tomato plants that were deficient in Mo and supplied
with nitrate-nitrogen were yellow-green in color, while
the addition of ammonium-nitrogen resulted in the formation
of dark green leaves.

The chemical analysis of the leaf

tissue indicated that the plants receiving nitrate-nitrogen
in the absence of molybdenum contained more than thirty times
as much nitrate as did the ones supplied with molybdenum.
The content of organic nitrogen was also higher in the
plants that received ammonium-nitrogen than in those that
received nitrate-nitrogen.
Mulder

The research conducted by

(40) indicated that without molyb d e n u m the forma

tion of organic nitrogen from ammonia could take place.
Evans et al.

(20) obtained similar results with

alfalfa plants, which indicated that legumes also require
m olybdenum for nitrate reduction.
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MATERIALS AND METHODS

Greenhouse Investigations
Samples of soil, representing eight soil types from
nine locations were used in the greenhouse investigations.
The soil type, the location, the cooperator and the d e 
scription of each experiment are presented in Table 1.
For the purpose of identification and convenience in r e 
porting,
I to XI.

each soil type was assigned a Roman numeral from
The chemical properties of the untreated surface

soils are presented in Table 2.
Approximately 125 kilograms of soil were collected
at each location and placed into plastic-lined cotton
bags for shipment to the greenhouse.

The soils were air

dried and screened through a 6 m m sieve.

Three.kilograms

of soil were placed in 3-liter plastic-lined containers.
A randomized complete block desi g n w i t h four r e p l i 
cations of each of nine calcium carbonate treatments was
used to determine the influence of soil reaction on the
response to indigenous soil molyb d e n u m by soybeans, Glycine
max

(L.) Merr., grown on Baldwin silty clay, Buxin silty

clay loam and Olivier silt loam

(Table 1, Experiments I, II

Table 1. -Soil type, location, cooperator, and description of experiments conducted
with soybeans grown under greenhouse conditions.

Experiment
Identification

I

Soil
Type

Location
(Parish)

Cooperator

Description
of Experiment

Baldwin sicl

S t . Mary

South Coast Corp.

CaC 0 3

rates

Buxin sicl

S t . Mary

South Coast Corp.

CaC 0 3

rates

III

Olivier sil

E. Baton Rouge

Agron. Res. Farm

CaC 0 3

rates

IV

Calhoun sil

Franklin

J. B. Eley

Mo x CaC 0 3

V

Calhoun sil

Franklin

Macon Ridge Exp. Sta.

Mo x CaC 0 3

VI

Crowley sil

St. Landry

Bruce Brown

Mo x CaC 0 3

Gallion vfsl

Caldwell

E. C. McGee

Mo x CaC 0 3

Jeanerette sil

Evangeline

Huey Fontenot

Mo x CaCC>3

IX

Norwood sil

Rapides

Dean Lee Ag. Center

Mo x S

X

Calhoun sil

Franklin

Macon Ridge Exp. Sta.

N x Mo x Strain

Gallion vfsl

Caldwell

E . C . McGee

N x Mo x Strain

II

VII
VIII

XI

Table 2.

-Chemical properties of the surface soils used in greenhouse experiments.

-

Experiment
Identification

Soil .
Type

P

—

I

Extractable
K
Ca

—

—

Total Organic
Mg
Mo
Matter

-parts per million----

«

%

Cation
Exchange
Capacity

meg/10Og

Base
Satu
ration

%

Soil
Reaction

pH

262

156

1678

614

0.70

1.28

25.37

42.31

4.6

Buxin sicl

64

114

1042

338

1.30

1.02

22.85

34.14

4.3

III

Olivier sil

36

90

635

178

1.85

0.71

10.16

31.36

4.7

IV

Calhoun sil

49

135

560

293

1.70

1.08

14.48

38.08

5.0

V

Calhoun sil

90

170

390

139

1.60

0.63

9.27

35.54

5.5

VI

Crowley sil

49

75

750

182

1.60

1.19

11.08

38.77

5.5

180

125

270

105

0.75

0.48

7.47

26.55

4.9

44

55

640

173

1.50

0.66

8.99

43.26

6.0

200

110

750

380

1.30

0.43

8.66

100.00

7.6

90

170

390

139

1.60

0.63

9.27

35.54

5.5

180

125

270

105

0.75

0.48

7.47

26.55

4.9

II

VII
VIII
IX
X
XI

Baldwin sicl

Gallion vfsl
Jeanerette sil
Norwood sil
Calhoun
Gallion vfsl
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and III).

The rates of applied calcium carbonate were:

1.1, 2.2, 4.5, 6.7, 9.0, 11.2, 15.7, 22.4 metric tons per
hectare.

Reagent grade calcium carbonate was applied to

each soil on August 1, 1964, and they were stored in plastic
bags for approximately four and one-half years prior to the
initiation of this investigation.
The soil in each container was sampled for chemical
analyses prior to planting soybeans.

Samples of soil from

each of the nine treatments in replications one and three
and replications two and four were composited.

The soil

samples were ground in a porcelain mortar and passed
through a standard two-millimeter sieve.
Five seeds of Lee soybeans were planted in each
container.

To prevent contamination with molybdenum the

soybean seeds were not inoculated.

The soils were m a i n 

tained at approximately field capacity wit h distilled water
throughout the growing period.

The distilled water was

checked periodically for m o lybdenum content.

When the

plants were two weeks old they wer e uniformly thinned to
three plants per container.

The two cotelydons on each of

the three remaining soybean plants were removed and d i s 
carded.

The removal of the cotyledons was thought to be
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necessary since the seed contain a relatively large amount
of molybdenum and the greatest amount has been reported to
be located in the cotyledons (30).
The Lee soybeans in Experiments I, II and III,
Table 1, were grown seven to eight weeks and were harvested
when approximately eighty percent of the flowers developed.
In order to prevent contamination with soil molybdenum, all
plants were harvested by cutting the stems with a stain
less steel blade at a height of 25 millimeters above the
surface of the soil.

The plant material was placed in

cloth bags and dried in a convection oven at 70 degrees
Centigrade for 48 hours.

After the weight of the dried

plant material had been recorded, it was ground in a
stainless steel Wiley mill to pass a 20-mesh screen.
After grinding, the plant material was re-dried and
placed into 140-milliliter glass containers for chemical
analysis.
Soil reaction (pH) and the molybdenum content of
the soil and soybean leaves were determined.
The yield data and the soil and the plant chemical
analytical data were statistically analyzed by the analysis
of variance method described by Steel

and Torrie (58).

Five experiments were conducted on Calhoun silt
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loam, Crowley silt loam, Gallion very fine sandy loam and
Jeanerette silt loam to determine the influence of soil r e 
action on the response to applications of m olybdenum by
soybeans

(Table 1, Experiments IV, V, VI, VII, and VIII).
A complete factorial experiment, with six treat

ment combinations arranged in a randomized block design,
was used for each of the five experiments.

The six treat

ment combinations consisting of three rates of m o lybdenum
and two rates of calcium carbonate were replicated four
times.
The three rates of m o l y b d e n u m used on the soils
were:

no molybdenum,

0.3 ppm of molybdenum, and 0.6 pp m

of molybdenum.
The rates of calcium carbonate used on the Calhoun
silt loam soils and the Crowley silt loam soil
Experiments IV, V, and VI) were:

(Table 1,

no calcium carbonate,

and 4.5 metric tons of calcium carbonate per hectare.

The

Gallion very fine sandy loam and the Jeanerette silt loam
(Table 1, Experiments VII and VIII)

received 6.7 and 2.2

metric tons of calcium carbonate per hectare, respectively.
Unlimed samples of the Gallion and Jeanerette soils served
as controls.
The calcium carbonate was applied to the soil in
each container and thoroughly incorporated by mixing two
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weeks prior to planting soybeans.

Immediately before Dare

soybeans were planted, phosphorus was applied at a rate
equivalent to 25 ppm to the Calhoun silt loam, to the Crowley
silt loam, and to the Jeanerette silt loam
Experiments IV, VI and VIII).

The source of phosphorus

was reagent-grade mono c a l c i u m phosphate Ca
25% P.

(Table 1,

(E^PC^^

. H 20 '

Potassium was applied at a rate equivalent to

25 ppm of K as KC1,

50% K, to the Crowley silt loam and to

the Jeanerette silt loam

(Table 1, Experiments VI and V I I I ) .

The phosphorus and potassium materials were thoroughly i n 
corporated in the soil by mixing.
Reagent-grade sodium m olybdate containing 39.652% Mo
served as the source of m o l y b d e n u m in all of the experiments.
The molybdenum was applied to soil in aqueous solution when
the soybeans were planted.
Five seeds of Dare soybeans were planted in each
container.

When the plants were two weeks of age they

were thinned to three plants per container.

The cotyledons

on the remaining plants were removed and discarded.
When approximately 80% of the flowers developed
the Dare soybean plants were harvested by cutting the stems
at a height of 25 millimeters above the surface of the
soil.

The plant material was dried in a convection oven
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at 70 degrees Centigrade for 48 hours.

After the weight

of the dried plant material had been recorded it was
ground in a stainless Steel Wiley mill to pass a 20-mesh
screen.

After grinding,

the plant material was re-dried

and placed into 140-milliliter glass containers for
chemical analysis.

Soil reaction

(pH) and the molybdenum

content of the soil and the leaves of the soybean plants
in each of the five experiments were determined and r e 
corded.
The yield data and the soil and the plant chemical
analytical data were statistically analyzed by the analysis
of variance method described by Steel

and Torrie

(58).

An experiment was conducted to determine the
effects of molyb d e n u m and sulphur and the interaction of
the two plant-nutrient elements on the production of dry
matter,

the soil reaction and the m o l y b d e n u m content of

the soil and the leaves of Dare soybean plants grown on
Norwood silt loam, pH 7.7

(Table 1, Experiment IX).

A complete factorial experiment with six treatment
combinations arranged in a randomized block design was
used.
times.

The six treatment combinations were replicated four

Zb

Two rates of m o l y b d e n u m and three rates of sulphur
were compared.
and 0.3 ppm Mo.

The mo lybdenum rates were:

no molybdenum

The rates of sulphur were:

no sulphur,

IX) metric tons per hectare, and 1.8 metric tons per hectare.
The sources of m o lybdenum and sulphur were sodium
molybdate,

39.652% Mo, and sulphuric acid,

0.1 normal.

The sulphuric acid was applied two weeks prior to planting
soybeans.
mixing.

It was thoroughly incorporated into the soil by

The molybdenu m was applied and mixed with the soil

immediately before planting the soybeans.
The production practices followed,

the m e a s u r e 

ment of dry matter production and the processing of the
leaf tissue and soils for chemical analyses were identical
with those reported for Experiment I to VIII.
An investigation was conducted on Calhoun silt loam
and Gallion very fine sandy loam
and XI)

(Table 1, Experiments X

to determine the effects of two rates of nitrogen

and two rates of molybdenum on the production of dry matter
and the chemical composition of the leaves of Lee soybeans
and a non-nodulating strain of Lee soybeans,

(D64-4716).

Eight treatment combinations arranged in a randomized
block design were used in each factorial experiment.
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The rates of nitrogen were:
kilograms of nitrogen per hectare.
ments were:

no nitrogen,

and 300

The molybdenum treat

no molyb d e n u m and 0.6 pp m Mo.

The source of

nitrogen was reagent-grade sodium nitrate,

16.4% N.

The

source of molybdenum was sodium molybdate,

39.652% Mo.

The production practices followed, the measurement
of dry matter production and the processing of the,leaf
tissue and soils for chemical analyses were identical
with those reported for Experiments I to IX.
The concentration of molybdenum, nitrate nitrogen,
and total nitrogen in the leaves of plants growing on
Calhoun silt loam and Gallion very fine sandy loam were
determined and recorded.

Field Investigations
The soil type,

location,

cooperator and desc r i p 

tion of experiment used in the field investigations are
presented in Table 3.

For the purpose of identification

and convenience in reporting, each soil and location was
arbitrarily assigned a number from 1 to 17.
A representative 450-gram sample of surface soil
was taken from the check plots at each of the experimental
locations.

To eliminate contamination with m olybdenum and

Table 3.
-Soil type, location, cooperator and description of experiments conducted with
soybeans grown under field conditions.
1966-1969

Experiment
Identification

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Soil
Type

Acadia sil
Acadia sicl
Alligator-Perry c
Calhoun sil
Calhoun sil
Commerce sil
Crowley sil
Crowley sil
Crowley sil
Gallion vfsl
Jeanerette sil
Mantachie fsl
Norwood sil
Olivier sil
Perry c
Robinsonville vfsl
Yahola vfsl

Location
(Parish)

Jeff. Davis
Ouachita
Catahoula
Franklin
Franklin
Tensas
Acadia
Allen
St. Landry
Caldwell
Evangeline
Catahoula
Rapides
E . Baton Rouge
Morehouse
Tensas
Bossier

Cooperator

Seward LeJeune
N. W. McHenry
La. Delta Plantation
J. B. Eley
Macon Ridge Exp. Sta.
N. E. La. Exp. Sta.
Rice Exp. Sta.
T. H. Mayes
Bruce Brown
E. C. McGee
Huey Fontenot
C. E. Myers, Jr.
Dean Lee Ag. Center
Agron. Res. Farm
A. R. McGinty
Wm. Clark
R. R. Valley Exp. Sta.

Description
of Experiment

Mo
CaC 0 3
Mo
Mo
Mo x CaC 0 3
MO
Mo x CaC 0 3
Mo
Mo
Mo
Mo
Mo
Mo
CaC 0 3 x P
Mo
Mo
Mo

Year

1966
1968
1967
1966
1966
1967
66-69
1966
1966
1966
1966
1966
1967
1969
1967
1966
1967
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other plant-nutrient elements, the soil samples were col
lected and stored in 510-gram Nasco plastic bags.
phosphorus, potassium,

Extractable

calcium and magnesium, organic matter,

cation exchange capacity, base saturation, and soil reaction
(pH) were determined on all of the soils.

The chemical

properties of the soils are presented in Table 4.
Extractable molybdenum was determined on all of
the soils except the Olivier silt loam

(Table 3, Experi

ment 14) .
Samples of leaves of Bossier soybeans grown on
Acadia silt loam in Ouachita Parish

(Table 3, Experiment 2)

that had received five rates of calcium carbonate were
collected and the molybdenum content was determined.
five rates of calcium carbonate used were:
9.0,

The

none, 4.5,

13.5 and 18.0 metric tons per hectare.
Leaf samples of Bossier soybeans grown on Crowley

silt loam

(Table 3, Experiment 7) that had received three

rates of calcium carbonate and four rates and three methods
of application of molybdenum, were collected and the m o l y b 
denum content was determined.

The rates of calcium car

bonate applied to the Crowley soil were as follows:
4.5, and 9.0 metric tons per hectare.

none,

The rates and

methods of application of molyb d e n u m w e r e :

n o n e , 17.5

Table 4.

-Chemical properties of the surface soils used in the field experiments.

Experiment
Number

Soil
Type

P

Extractable
K
Ca

Mg

---- -parts per million

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Acadia sil
Acadia sicl
Alligator Perry c
Calhoun sil
Calhoun sil
Commerce sil
Crowley sil
Crowley sil
Crowley sil
Gallion sil
Jeanerette sil
Mantachie fsl
Norwood sil
Olivier sil
Perry c
Robinsonville vfsl
Yahola vfsl

^"Calculated

7
20
.24
21
74
222
10
5
19
148
48
41
210
20
45
157
141

37
200
180
90
113
170
65
40
60
150
85
120
120
76
320
180
125

430
760
2400
340
418
2240
800
470
980
510
980
1400
8320
513
2760
1140
750

Cation
Exchange
Organic
Matter Capacity
%

75
269
760
75
134
455
235
143
217
129
195
268
1000
116
698
170
405

0.75
1.87
1.80
1.15
0.90
0.60
0.66
1.10
1.20
0.60
0.61
0.58
0.55
0.87
3.80
0.80
0.30

meq/lOOg
8.34
30.64
34.45
14.48
8.75
16.61
10.78
10.50
11.08
7.47
8.99
6.95
9.20
11.34
53.60
11.53
4.27

Base
Soil
Satu
ration Reaction
%
27.10
17.29
44.00
38.08
35.50
58.04
44.62
44.38
38.77
26.55
43.26
21.44
100.00
61.40
24.541
86.60
83.95

PH
5.7
4.9
5.1
4.9
5.1
7.2
6.5
5.6
6.0
5.2
5.4
5.4
7.7
5.0
5.1
6.0
7.5
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grams of molybdenum applied to 67.4 kilograms per hectare
of seed immediately before inoculation and planting;

210.2

grams of molybdenum per hectare applied to the soybean
leaves as a spray in split application,

105.1 grams per

hectare when the soybeans were up to a stand and the r e 
mainder when the plants were blooming,

and 0.56 kilogram

per hectare of molybd e n u m applied broadcast to the soil
before seeding.
The soybean leaves from each plot were sampled
when the plants were in the early bloom stage of growth.
The first mature leaf from the top of the plant was
selected for the chemical analysis.

Twenty-five leaves

from the soybean plants growing on each plot were taken
at random.

The leaves collected from each treatment or

treatment combination from replications one and three
and replications two and four were composited.

The

leaves were, placed in cloth bags and dried in a con
vection oven at 70 degrees Centigrade.

After drying for

4 8 hours the soybean leaves were ground in a Wiley mill
to pass a 20-mesh sieve and stored in a 140-milliliter
container for' chemical analysis.
The seed of Lee soybean plants grown on Olivier
silt loam

(Table 3, Experiment 14)

at different soil
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reactions and different phosphorus treatments were
analyzed for molybdenum content.
reaction w e r e :

The levels of soil

pH 5.0, pH 5.6, pH 6.4, and pH 7.0.

The two phosphorus treatments were:
kilograms per hectare.
normal superphosphate,

none and 29.3

The source of phosphorus was
8.7% P.

Chemical Procedures
The extractable phosphorus, potassium,

calcium and

m agnesium contents of the soils were determined by p e r 
sonnel in the Soil Testing Laboratory operated by the
Department of Agronomy using methods and procedures d e 
scribed in Louisiana Agricultural Experiment Station
Bulletin No.

632

(14).

The organic matter content of the soils was d e t e r 
mined by the chromic acid method reported by Walkley and
Black

(64).
The cation exchange capacity was determined by

ammonium acetate adjusted to pH 7.0 as described by
Jackson

(32).

The exchangeable cations, calcium, pot a s 

sium, magn e s i u m and sodium, were determined on a PerkinElmer Model 303 Atomic Absorption Spectrophotometer.

The
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per cent base saturation was calculated from the following
equation:

% B.S. =
Ca + K + Mg + Na, me/100 g
CEC, me/ 100 g

x 100

Soil reaction was measured by using a Leeds and
Northrup pH meter and a slurry of soil and distilled water
at a ratio of 1:1.
The total molybdenum content of the soils was
determined by the thiocyanate method using isopropyl ether
as an organic extractant (49), after digesting the soil
with perchloric acid as described by Reisenauer (52).
Ammonium oxalate adjusted to pH 3.3 with oxalic acid
was used to determine the extractable molybdenum content of
each soil.

The extracting solution was prepared by dissol

ving 24.9g of ammonium oxylate and 12.605g of oxalic acid
in a liter of distilled water.
solution ratio of 1:10 was used.

A soil-to-extractingA 25-gram sample of soil

and 250 milliliters of extracting solution were agitated for
eight hours on a mechanical shaker and allowed to stand over
night before filtering.

Gerlach (24) reported that a shak

ing time of two hours and standing time of 20 hours was
sufficient for extracting molybdenum except on heavy textured soils that contained high amounts of molybdenum.
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The suspension of the soil and extracting solution
was filtered through Whatman No. 42 filter paper.

A 100-

milliliter aliquot of the filtrate was evaporated to
dryness on a hot plate.

The residue was placed in a

muffle furnace at 450 degrees Centigrade for four hours
to destroy organic matter.

The residue was dissolved in

20 milliliters of 6.5 N HCL, re-filtered, and diluted to
a final volume of 75 milliliters.
After the addition of a 10% solution of ammonium
thiocyanate and a solution of sodium nitrate and stannous
chloride, a brownish yellow to orange * color developed.
Isopropyl ether was used to separate and concentrate the
molybdenum thiocyanate color complex.
According to Purvis and Peterson (49) the formation
of orange-colored Mo-thiocyanate complex is produced in
HC1 in the presence of a reducing agent.

The colored com

plex could be extracted in ether or other suitable solvents
and the intensity of the color developed was proportional
to the concentration of molybdenum.
The intensity of the molybdenum-thiocyanate color
complex formed was measured on a Bausch and Lomb Spectronic
20 colorimater.

The amount of molybdenum in the soil solu

tion extract was determined by reference to a calibration

—

v —

—

WA 1 V

V /J ^ / w j . V f U ^ L .

X

U -_ y

J . C C I U U .1 1 ^

W X
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the molybdenum concentration of the standards.
The plant material was re-dried in a convection
oven at 70 degrees Centigrade immediately before chemical
determinations were made.
nitrate-nitrogen,

The contents of molybdenum,

and total nitrogen were measured and

the results were reported on a dry-weight basis.
A two-to-three-gram sample of plant material was
ashed in a muffle furnace at 550 degrees Centigrade for
four hours.

The ash was dissolved in 6.5 M hydrochloric

acid containing 0.5 gram of FeCl^
filtered through What m a n No.

. 6^0

per liter and

42 filter paper.

The method

for determining the m o lybdenum content of the plant tissue
was identical with the one followed in the analysis of the
soil.

The Beckman Model DU Spectrophotometer was used to

measure the m olybdenu m concentration in plant tissue.
The nitrate content of the plant was determined
according to a method proposed by Johnson and Ulrich

(34).

Total nitrogen in the plant material was determined by
the Kjeldahl method.
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RESULTS AN D DISCUSSION

The effects of rates of calcium carbonate on soil
reaction,

the production of dry mat t e r and the molybdenum

contents of the soil and leaves of Lee soybeans grown on
Baldwin silty clay loam, Buxin silty clay loam and Olivier
silt loam under greenhouse conditions are presented in
Tables 5,

6

and 7.

The effects of the different calcium carbonate
treatments on the soil reaction

(pH) of the Baldwin silty

clay loam are presented in Table 5.
treated soil had a pH of 4.6.
carbonate applied,

Initially the u n 

The highest rate of calcium

22.4 metric tons per hectare, adjusted

the soil reaction to pH 7.2

The calcium carbonate treat

ments had no measurable effects on the production of dry
matter.

The lack of a statistically significant response

in the dry matter production resulting from the calcium
carbonate treatments was attributed to the large v a r i a 
tions that occurred within treatments for each of the four
replications.

Likewise,

the calcium carbonate treatments

did not significantly increase the ammonium oxalate extractable molybdenum content of the soil.

Significant

.
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Table 5.
- The effects of rates of calcium carbonate on soil
reaction, the production of dry mat t e r and the molybdenum
contents of the soil and leaves of Lee soybeans grown
under greenhouse conditions on Baldwin silty clay loam.l
(Experiment I)

CaC 0 3
Treatments

Dry
Matter

pH

g per pot

MO content
Soil
Leaves
parts per million

4.6

8.54

0 . 2 1

0.37

1 . 1

4.8

10.51

0 . 2 1

0.50

4.9

8.78

0 . 2 2

0.41

4.5

5.2

11.60

0 . 2 0

0.70

6,7

5.7

11.46

0.23

0.72

9.0

6 . 1

12.14

0 . 2 2

0 . 6 8

1 1 . 2

6.4

12.59

0.24

0.89

15.7

6.9

12.59

0 . 2 2

1.39

22.4

7.2

13.33

0.24

1.80

ns

ns

0.19

•

0

to

tons per ha

Soil
Reaction

LSD,

5%:

^ h e soil was obtained from the South Coast Corporation,
St. Mary Parish.
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Table

. - The effects of rates of calcium carbonate on soil
reaction, the production of dry matter and the m o lybdenum
contents of the soil and leaves of Lee soybeans grown under
greenhouse conditions on Buxin silty clay loam.l
(Experiment II)
6

CaCC>3
Treatments

Soil
Reaction
pH

tons per ha

Dry
Matter
g per pot

Mo content
Leaves
Soil
parts per million

0

4.3

1 . 6 6

0.19

0.60

1 . 1

4.4

1.83

0.19

0.51

2 . 2

4.5

2.80

0 . 2 0

0.53

4.5

4.8

2.63

0 . 2 1

0.59

6.7

5.2

5.06

0 . 2 0

0.65

9.0

5.6

4.61

0 . 2 0

0.67

1 1 . 2

6 . 1

4.63

0 . 2 0

0.72

15.7

6.9

5.75

0 . 2 1

0.94

22.4

7.2

4.79

0 . 2 1

1.31

1.15

ns

0 . 2 2

LSD,

5%:

1The soil was obtained from the South Coast Corporation,
St. Mary Parish.
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Table 7.
- The effects of rates of calcium carbonate on soil
reaction, the production of dry matter and the molybdenum
contents ofr the soil and leaves of Lee soybeans grown under
greenhouse conditions on Olivier silt l o a m . 1
Experiment III)

CaC03
Treatments

Soil
Reaction

tons per ha

pH

Dry
Matter
g per pot

Mo content
Leaves
Soil
parts per million

0

4.7

1.45

0.25

0.30

1 . 1

4.8

2.54

0.29

0.36

2 . 2

5.2

3.78

0.26

0.41

4.5

6 . 0

3.59

0.25

0.40

6.7

6.7

3.09

0.29

0.50

9.0

7.2

2.94

0.27

0.65

1 1 . 2

7.4

3.04

0.29

0 . 8 6

15.7

7.5

3.40

0.29

1.07

22.4

7.5

2.65

0.27

1.30

0.72

ns

0 . 1 0

LSD,

5%:

^The soil was obtained from the Agronomy Research Farm,
Baton Rouge.
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increases in concentration of m o l y b d e n u m in the leaves of
Lee soybeans resulted from the calcium carbonate treatments.
The lowest amount of molybdenum,

0.37 ppm, was found in

leaves of plants growing on the untreated soil.

The leaves

of plants growing on the soil receiving the highest rate of
calcium carbonate contained the highest concentration of
molybdenum,

1.80 ppm.

When the soil reaction was adjusted

to pH 5.2 with 4.5 metr i c tons of calcium carbonate per
hectare, a significant increase in molyb d e n u m content of
the leaves was obtained.

Additional increases in the

m olybdenum content wer e noted w h e n the soil reaction was
increased to pH 6.4 and to pH 7.2.

Adjustment of the soil

reaction to near neutrality resulted in a pronounced increase
in the content of m ol y b d e n u m in the soybean leaves.
The effects of the different calcium carbonate
treatments on the soil reaction, the production of dry
matter, and the m olyb d e n u m contents of the soil and leaves
of Lee soybeans grown on Buxin silty clay loam are presented
in Table

6

.

The data indicate that a significant increase

in the dry matter production was obtained from the 6.7 tonsper-hectare application of calcium carbonate.

This rate of

calcium carbonate adjusted the soil reaction from pH 4.3
to pH 5.2.
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The calcium carbonate treatments did not have a
measurable effect on the ammonium oxalate extractable
molybdenum content of the soil.

However, application of

calcium carbonate resulted in significant increases in
the molyb d e n u m concentration of the leaves.

The appli

cation of the equivalent of 15.7 metric tons per hectare
of calcium carbonate resulted in significant increases
in the content of m ol y b d e n u m in leaves, and an additional
increase was noted when the highest rate of calcium c ar
bonate,

22.4 metric tons per hectare, was applied.

Ad

justment of the soil reaction of the Buxin soil to near
neutrality resulted in a pronounced increase in the
molybdenum content of soybean leaves.
The effects of rates of calcium carbonate on soil
reaction,

the production of dry matter,

and the m olybdenum

contents of the soil and leaves of Lee soybeans grown
under greenhouse conditions on Olivier silt loam are
presented in Table 7.
The data in Table 7 indicate that the first in
crement of calcium carbonate,

1 . 1

metr i c tons per hectare,

resulted in a significant increase in dry matter production
of Lee soybeans.

A significant increase in dry matter p r o 

duction was also obtained from the addition of

2 . 2

metric

tons per hectare of calcium carbonate.

The application

of calcium carbonate at rates equivalent to 4.5 to 15.7
metric tons per hectare did not result in additional in 
creases in dry matter p roduction of soybeans.

The appli

cation of calcium carbonate at a rate of 22.4 metric tons
per hectare resulted in a significant decrease in dry
matter production.

The decrease in dry matter production

m a y have been due to reduced solubility and uptake of ce r 
tain mac r o and micronutrient elements following the e x 
cessive application of calcium carbonate.
The adjustment of the soil reaction of Olivier silt
loam from pH 4.7 to pH 5.2 with the application of 2.2
metric tons per hectare of calcium carbonate resulted in
a significant increase in the m o lybdenum concentration
in the leaves of Lee soybeans.

Additional increases in

the molyb d e n u m concentration of the leaves resulted from
applications of calcium carbonate from 9.0 to 22.4 metric
tons per hectare.

The highest concentration of m o l y b 

denum in the leaves,

1.30 ppm, was obtained when 22.4

metric tons per hectare of calcium carbonate was applied.
Measurable differences in the content of m olybdenum in
the soil resulting from the nine rates of calcium ca r 
bonate employed were not obtained.
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The effects of applications of molyb d e n u m and
calcium carbonate on soil reaction,

the production of

dry matter and the molybdenum contents of the soil and
leaves of Dare soybeans grown under greenhouse conditions
on Calhoun silt loam from two locations, Crowley silt
loam, Gallion very fine sandy loam, and Jeanerette silt
loam, are presented in Tables
1 through 10.

8

through 12, and Figures

The data in Tables

8

, 9, 10, and 11, in 

dicate that the application of molybdenum, without cal
cium carbonate, to Calhoun silt loam, Crowley silt loam,
and Gallion very fine sandy loam, significantly increased
the production of dry matter.

The data in Table 12

indicate that the molyb d e n u m applications alone did not
significantly increase the dry matter production of Dare
soybeans grown on Jeanerette silt loam.

Application of

calcium carbonate to all of the soils resulted in a
larger production of dry matter than did the application
of molybdenum.

Application of calcium carbonate to the

soils eliminated the response in dry matter production
to applied molybdenum.

This implies that beneficial

effects resulting from the use of calcium carbonate on
acid soils probably involve the adjustment of soil re
action which results in the increased solubility of
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Table

8 .
- The effects of applications of m olybdenum and
calcium carbonate on soil reaction, the production
of dry matter and the m o l y b d e n u m content of the soil
and the leaves of Dare soybeans grown under greenhouse
conditions on Calhoun silt l o a m . 1
(Experiment IV)

Mo and
CaC 0 3
Treatments2

Soil
Reaction
pH

Dry
Matter
g per pot

Mo content
Soil
Leaves
parts per million

Check

5.0

2.29

0.18

0.62

0.3 ppm Mo

4.9

2.51

0.39

1 . 0 2

0 . 6 ppm Mo

4.9

2.75

0.72

1 . 2 2

CaC03

6 . 2

2.85

0.23

0.75

3

0.3 ppm Mo + CaCC >3

6

.2

2.75

0.44

1.13

0 . 6 ppm Mo + CaCC>3

6 . 1

2.99

0.75

1.28

0.16

0.08

0.14

LSD,

5%:

iThe soil was obtained from the J . B . Eley Farm# Franklin
Parish.
2

A11 treatments included 25 pp m of P as C a ( H 2 P O 4

) 2

* h 2 o,

25% P.

3CaCC>3 was applied at a rate equivalent to 4.5 tons per
hectare.
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Table 9.
- The effects of applications of molyb d e n u m and
calcium carbonate on soil reaction, the production
of dry matter and the molyb d e n u m content of the Soil
and the leaves of Dare soybeans grown under greenhouse
conditions on Calhoun silt l o a m . 1
(Experiment V)

Mo and
CaCC> 3
Treatments

Soil
Reaction
pH

Dry
Matter

M o content
Soil
Leaves

g per pot

parts per million

Check

5.5

2 . 6 6

0.18

0.18

0.3 ppm Mo

5.5

3.19

0.42

0.78

0.6 ppm Mo

5.5

3.25

0.50

1 . 1 2

CaC03

6.7

3.69

0.16

0.26

0.3 ppm Mo + C a C 0 3

6 . 6

3.69

0.41

1.03

0 . 6 ppm Mo + CaCC >3

6 . 6

3.73

0.53

1.15

0.32

0.09

0.08

2

LSD,

5%:

1The soil was obtained from Macon Ridge Experiment Station,
Franklin Parish.
caCC >3 was applied at a rate equivalent to 4.5 tons per
hectare.
2

48
Table 10.
- The effects of applications of m o l y b d e n u m and
calcium carbonate on soil reaction, the production of
dry matter and the m olybdenum content of the soil and
the leaves of Dare soybeans grown under greenhouse
conditions on Crowley silt loam.-l(Experiment VI)

M o and
CaC03
Treatments^

Soil
Reaction
PH

Dry
Matter

Mo content
Soil
Leaves

g per pot

parts per million

Check

5.5

3.64

0.19

0.18

0.3 ppm Mo

5.5

4.13

0.49

0.51

0 . 6 ppm Mo

5.5

4.20

0.75

0.95

CaC03

6 . 8

4.53

0 . 2 2

0.42

0.3 ppm Mo + C a C 0 3

6.7

4.51

0.50

1.14

0.6 ppm Mo + CaCC >3

6 . 8

4.53

0.79

2.37

0.35

0.06

0.15

3

LSD,

5%:

^The soil was obtained from Bruce Brown Farm, St. Landry
Parish.
2a1 1
treatments included 25 ppm of P as C a ( H 2 P 0 4 ) 2
25% P and 25 ppm K as K C 1 , 50% K.

‘ H2 ° ’

3CaCC>3 was applied at a rate equivalent to 4.5 tons per
hectare.
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Table 11.
- The effects of applications of m olybdenum and
calcium carbonate on soil reaction, the production of
dry matter and the m o l y b d e n u m content of the soil and
the leaves of Dare soybeans grown under greenhouse
conditions on Gallion very fine sandy loam.^
(Experiment VII)

Mo and
CaCC >3
Treatments

Soil
Reaction
pH

Dry
Matter

Mo content
Soil
Leaves

g per pot

parts per million

Check

4.9

1.89

0 . 1 0

0 . 1 0

0.3 ppm Mo

4.8

2.05

0.24

0.60

0.6 p p m Mo

4.9

2.36

0.51

1.81

CaCC>3

6 . 0

2.53

0.13

0.27

0.3 ppm Mo + CaC 0 3

6 . 0

2.49

0.31

1 . 1 1

0 . 6 ppm Mo + CaC 0 3

6 . 0

2.61

0.63

3.80

0 . 2 2

0.04

0.09

2

LSD,

5%:

^The soil was obtained from the E. C. McGee Farm, Caldwell
Parish.
CaCC> 3 was applied at a rate equivalent to 6.7 tons per
hectare.
2

50
Table 12.
- The effects of applications of molyb d e n u m and
calcium carbonate on soil reaction, the production of
dry matter and the molyb d e n u m content of the soil and
the leaves of Dare soybeans grown under greenhouse
conditions on Jeanerette silt loam.l
(Experiment VIII)

Mo and
CaC 0 3
Treatments

Soil
Reaction
pH

Dry
Matter

Mo content
Soil
Leaves

g per pot

parts per million

Check

6 . 0

2.34

0.30

0 . 1 2

0.3 ppm Mo

6 . 0

2.40

0.55

0 . 2 1

0 . 6 ppm Mo

6 . 0

2.49

0 . 8 8

0.34

CaC03

6.5

2.78

0.28

0.59

0.3 ppm Mo + C a C 0 3

6.5

2.94

0.34

0.98

0.6 ppm Mo + CaC 0 3

6.5

2.89

0.85

2 . 0 1

0.28

0 . 1 0

0.04

3

LSD,

5%:

3The soil was obtained from the Huey Fontenot Farm,
Evangeline Parish.
2All treatments included 25 ppm of P as Ca(H2PC>4)2
. 25% P and 25 ppm of K as KCl, 50% K.

* H 2 O,

3 CaC 0 3 was applied at a rate equivalent to 2.2 tons per
hectare.
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Fig. 2.
Relationship be
tween production of dry
matter of soybeans and
applications of CaCO,
and Mo to Calhoun sil
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Fig. 1. Relationship be
tween production of dry
matter of soybeans and
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and Mo to Calhoun sil
(Exp. IV).
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of molybdenum,and it creates a more favorable calcium
balance in the soil.

According to Mehlich and Colwell

(37) the nitrogen fixation by soybeans was increased as
the calcium saturation of the soil was increased.
The data in Table

8

, 9, 10, 11, and 12 indicate

that the application of molyb d e n u m increased the ammonium
oxalate extractable m o l y b d e n u m content of the soils
irrespective of the calcium carbonate additions.

Appli

cation of calcium carbonate did not significantly in
crease the m olybdenum extracted from the soil with
ammonium oxalate.

This is in agreement with Gupta's

(26)

results; he reported that calcium carbonate did not in
crease the extractable m o l y b d e n u m content in the soil.
The m olybdenu m treatments resulted in significant
increases in the concentration of molyb d e n u m in the
leaves of Dare soybeans.

The data in Table

8

indicate

that application of calcium carbonate alone to Calhoun
silt loam resulted in a small but non-significant increase
in the molybdenum concentration in the leaves of soybean
plants.

The data in Tables 9-12 indicate that the appli

cation of calcium carbonate significantly increased the
molybdenum concentration in the leaves of Dare soybeans
growing on Calhoun silt loam, Crowley silt loam, Gallion
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very fine sandy loam and Jeanerette silt loam.

The highest

concentration of molybdenum in the leaves occurred on soils
that received calcium carbonate and m o l y b d e n u m at a rate of
0.6 ppm.

These data suggest that a chemical analysis of

the m olybdenum content of soybean leaves ma y afford a
valuable diagnostic technique for evaluating the m o l y b 
denum status of soils.
The effects of applications of m o l y b d e n u m and
sulfuric acid on soil reaction, the production of dry
matter,

and the m olyb d e n u m contents of the soil and the

leaves of Dare soybeans grown under greenhouse conditions
on Norwood silt loam, are presented in Table 13.
The application of sulphur at a rate equivalent
to

1 . 0

metric tons per hectare as sulfuric acid reduced

the soil reaction of Norwood silt loam from pH 7.7 to
pH 7.4.
to

1 . 8

The application of sulphur at a rate equivalent

metric tons per hectare reduced the soil reaction

to pH 7.2.
Application of molyb d e n u m at a rate of 0.3 pp m
alone or in combination with the rates of sulphur did
not affect the production of dry matter of Dare soybeans.
The application of sulphur at the rates o f ; 1.0
and

1 . 8

metric tons per hectare had no measurable effect
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Table 13.
- The effects of applications of m o l y b d e n u m and
sulphur on soil reaction, the production of dry matter
and the molyb d e n u m contents of the soil and the leaves
of Dare soybeans grown under greenhouse conditions on
Norwood silt l o a m . 1
(Experiment IX)

Mo and S
Treatments

Soil
Reaction
pH

Dry
Matter
g per pot

MO content
Leaves
Soil
parts per million

Check

7.7

3.44

0.03

0.77

0.3 ppm Mo

7.7

3.23

0 . 2 2

5.78

7.4

3.25

0.04

1.29

0.3 ppm Mo +
1 . 0
tons/ha S

7.4

3.28

0.28

3.78

tons/ha S

7.2

3.31

0.03

1.28

0.3 ppm Mo +
tons/ha S

7.2

3.23

0.24

2 . 2 0

ns

0.05

0 . 2 0

1 . 0

1 . 8

tons/ha S 2

1 . 8

LSD, 5%:

1-The soil was obtained from the Dean Lee Agricultural
Center, Rapides Parish.
2The source of sulphur wa s 0.1 N H 2 S O 4 .
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on the extractable m o l y b d e n u m content of the Norwood silt
loam soil.

Application of molyb d e n u m alone or when used in

conjunction with sulphur resulted in a seven- to eight-fold
increase in the extractable m olybdenum content of the soil.
Approximately 70% of the applied molyb d e n u m was recovered
from the soil by extracting

wi t h airanonium oxalate

after the

soybeans had been grown for

eight weeks. Even though the

content of extractable m o l y b d e n u m in the Norwood soil was
only 0.03 ppm,

a response to molyb d e n u m was not obtained.

Using acid oxalate,

Davies

(16)

found that a fair prediction

of a response to molyb d e n u m could be made if the inter
pretation was modifie d according to soil pH.

At pH 5.0

the response level was reported to be 0.2 ppm and at pH
the response level was 0.05

6.5

p p m Mo.

The application of molyb d e n u m resulted in the
largest accumulation of m o l y b d e n u m in the leaves of Dare
soybeans grown on Norwood silt loam soil.

The molybdenum

treatment resulted in approximately an eight-fold increase
in the concentration of m o l y b d e n u m in leaf tissue.

Even

though the addition of sulphur alone increased the concen
tration of molybd e n u m in the leaf tissue, the increase was
not as great as was that obtained from the application of
0.3 ppm of molybdenum.

The data indicate that the sulphur

applied as sulfuric acid may have reduced the carbonate con
tent of the soil and allowed the indigenous soil molybdenum
to be absorbed by the plants.

Barshad

(7) reported that

carbonates and hydroxyl ions have a suppressive effect on
the uptake of molybdenum by plants,

and their effect in the

soil solution may have been due to a competition in ab
sorption of these ions by the roots.

The lower concentra

tion of the molybdenum content in the leaves of plants in
soil that received applications of m o l y b d e n u m and sulphur,
as compared with plants that received m o l y b d e n u m alone,
suggests that the sulphate ion m a y have had a depressing
effect on the uptake of molybdenum.
with Barshad's results

This is in agreement

(7); he found that the sulphate ion

depressed the uptake of molybdenum.
Soil reaction and extractable soil m o lybdenum used
to predict vegetative response by soybeans grown under
greenhouse conditions to application of m o l y b d e n u m are
presented in Table 14.

The soil reaction varied from

pH 4.9 for the Gallion very fine sandy loam to pH 7.6 for
the Norwood silt loam.

The extractable m o l y b d e n u m content

of the soils varied from a low of 0.03 p p m for Norwood silt
loam to a high of 0.30 p p m for Jeanerette silt loam.

Table

14.

Experiment
Identifi
cation

-Soil reaction and extractable soil molybdenum used to predict a vegetative
response by soybeans to application of molybdenum under greenhouse
conditions.

Soil
Tvoe

Soil
Reaction

Extractable
Soil
Molvbdenum

PH

ppm

Soil pH +
(10 x Extractable
molvbdenum)

Measured
Response

* 2

IV

Calhoun sil

5.0

0.18

6 . 8

V

Calhoun sil

5.5

0.18

7.3

*

VI

Crowley sil

5.5

0.19

7.4

*

Gallion vfsl

4.9

0 . 1 0

5.9

*

Jeanerette sil

6 . 0

0.30

9.0

ns

Norwood sil

7.6

0.03

7.9

ns

VII
VIII
IX

significant response to molybdenum is expected when the soil Ph +
Extractable Mo) is ^ 7 . 5 .

2

* denotes.a significant difference at the 5% level of probability,
denotes a non-significant difference.

(10 x

ns

un
KD
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The following equation proposed by Mueller et al.

(39)

was used to predict a vegetative response by soybeans to
application of molybdenum:

Soil pH +

(lOx extractable M o ) .

The data in Table 14 indicate that a response to an appli
cation of molyb d e n u m to a soil was obtained when the calcu
lated value from the proposed equation was less than 7.5.
A significant increase in the vegetative production of
soybeans resulted from an application of molyb d e n u m to the
Calhoun silt loam soils,

to the Crowley silt loam,

the Gallion very fine sandy loam.

and to

A significant response

to application of molybdenum was not measured on the
Jeanerette silt loam or on the Norwood silt loam.

The

data indicate that the extractable molybdenum content of
the soil alone can not be used in predicting a response to
molybdenum.

However,

the determination of soil reaction

and extractable molybdenum content of the soil may serve
as an acceptable guide in predicting a response by soybeans
to application of molybdenum.
The effects of application of m olybdenum and nitrogen
on the production of dry matter and the molybdenum, nitratenitrogen,

and total-nitrogen contents of the leaves of non-

nodulating and nodulating strains of Lee soybeans grown on
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Calhoun silt loam and on Gallion very fine sandy loam under
greenhouse conditions are presented in Tables 15 and 16.
The data in Tables 15 and 16 indicate that the
addition of molybd e n u m alone at a rate of 0.6 pp m to Calhoun
silt loam, pH 5.5, and Gallion very fine sandy loam, pH 4.9,
did not increase the production of dry matter of the nonnodulating strain of Lee soybeans

(D64-4706).

The appli

cation of molyb d e n u m to the soils resulted in significant
increases in the dry m a t t e r production of the nodulating
strain.

The application of 300 kilograms of nitrogen per

hectare resulted in a significant increase in the production
of dry matter of the non-nodulating strain.

Application of

nitrogen to the soils increased the dry matter production
of the nodulating strain of Lee soybeans when molyb d e n u m
was not applied.

However, when 0.6 pp m of molyb d e n u m was

used the nitrogen application as sodium nitrate had no
effect on dry matter production.

The data in Tables 15 and

16 show that since the non-nodulating strain of Lee soybeans
did not produce nodules on the r o o t s , the, application of
m olybdenum had no beneficial effect on plant growth.

The

beneficial effect obtained from the application of molybdenum
to the soils on which the nodulating strain of Lee soybeans
was grown was attributed to increased nitrogen fixation.

Table 15.— The effects of applications of molybdenum and nitrogen on the production of
dry matter, and the molybdenum, nitrate nitrogen and total nitrogen contents
of the leaves of non-nodulating and nodulating strains of Lee soybeans grown
under greenhouse conditions on Calhoun silt loam.1 '2
(Experiment X)

Treatments
N

Mo

kg/ha

ppm
0.6
0 *6

-

300
300
-

-

0.6

-

300
300

-

0.6
LSD,

5%:

Soybean
Strain

Non-nodulating-3
Non-nodulating
Non-nodulating
Non-nodulating
Nodulating
Nodulating
Nodulating
Nodulating

Dry
Matter
g per pot
2.39
2.35
3.06
2.99
2.58
3.69
3.58
3.51
0.35

Mo
ppm
0.23
0.98
0.25
1,01
0.20
0.93
0.18
1.15
0.09

Leaf Contents
w O^- ini
Total N
ppm
525
.520
845
830
505
495
925
930
42

%
3.63
2.69
4.71
4.52
3.90
3.84
4.78
4.81
0.24

The soil was obtained from the Macon Ridge Experiment Station, Franklin Parish.
o

The untreated soil contained 0.19 ppm of extractable Mo.
Mo contained 0.72 ppm of extractable Mo.
3

The soil receiving

The non-nodulating strain of Lee soybeans, D64-4716, was obtained from Dr. E.
E. Hartwig, Research Agronomist, U.S.D.A., A.R.S., Delta Branch Experiment Station,
Stoneville, Mississippi.

Table

16.

-The effects of applications of molybdenum and nitrogen on the production of
dry matter, and the molybdenum, nitrate nitrogen and total nitrogen contents
of the leaves of non-nodulating and nodulating strains of Lee soybeans grown
under greenhouse conditions on Gallion very fine sandy loam.^'^
(Experiment
XI)

Treatments
N
Mo

Soybean
Strain

ppm

kg/ha
-

-

0.6“
300
300

—

0.6

—

_

0.6

_

300
300

0.6
LSD, 5%:

Non-nodulating
Non-nodulating
Non-nodulating
Non-nodulating
Nodulating
Nodulating
Nodulating
Nodulating

Leaf Contents
N03-N
Total N

Dry
Matter

Mo

g per pot
2.68
2.65
3.29
3.26
2.75
3.54
3.41
3.49

ppm
0.18
0.40
0.15
0.34
0.12
0.46
0.15
0.49

ppm
450
500
800
795
525
505
850
865

%
3.78
3.72
4.18
4.27
3.92
3.83
4.29
4.36

0.07

46

0.10

0.35

*The soil was obtained from the E. C. McGee Farm, Caldwell Parish.
2

The untreated soil contained 0.14 ppm of extractable Mo.
Mo contained 0.55 ppm of extractable Mo.
3

The soil receiving

The non-nodulating strain of Lee soybeans, D64-4716, was obtained from Dr.
E. E. Hartwig, Research Agronomist, U.S.D.A., A.R.S., Delta Branch Experiment Station,
Stoneville, Mississippi.
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The response by the nodulating strain of Lee soybeans to
nitrogen application was attributed to the low pH of the
soil and to the low content of extractable m olybdenum in
the soil,

and these two limiting factors had a detrimental

effect on nitrogen fixation.
The application of m o l y b d e n u m to Calhoun silt loam
and Gallion very fine sandy loam resulted in significant
increases in the content of m o l y b d e n u m in the leaves of the
two strains of Lee soybeans.

The molyb d e n u m treatment did

not result in a reduction in the nitrate-nitrogen content
of the soybean l e a v e s , and it did not have an effect on
the total-nitrogen content of the leaves.

The application

of nitrogen increased both the nitrate-nitrogen and totalnitrogen content of the leaves.

Even though the extractable

molybdenum content of the two soils was considered to be
relatively low and a response by the nodulating strain of
Lee was obtained from the application of molybdenum, the
molybdenum treatment had no measurable effect on the nitratenitrogen content of soybean leaves.

The results imply that

the indigenous soil m o l y b d e n u m was not a limiting factor
for nitrate reduction in the soybean plant.
The effects of rates of calcium carbonate on the
soil reaction,

the yield and the m o l y b d e n u m content of the
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soil and the leaves of Bossier soybeans grown under field
conditions on Acadia silt loam are presented in Table 17.
The yield data was reported in Report of Projects for 196 8
of the Department of Agronomy

(47).

The untreated soil had a pH of 4.9 and the extractable molybdenum content was 0.22 ppm.

Application of

calcium carbonate at a rate of 18.0 m e t r i c tons per hectare
adjusted the soil reaction to pH 6.6 and resulted in a
significant increase in the extractable molyb d e n u m content.
A significant increase in the yield of soybeans resulted
from the application of 4.5 m e t r i c tons per hectare of
calcium carbonate.

The 4.5-metric-tons rate also resulted

in a significant increase in the m o l y b d e n u m concentration
in the l e a v e s ,

however,

it did not increase the extract-

able molybdenum content in the soil.
tions of calcium carbonate,

Even though applica

at rates equivalent to 9.0

and 13.5 metric tons per hectare, were effective in in 
creasing the extractable m o l y b d e n u m contents in the soils
and in the leaf tissue, they did not significantly increase
the yield of soybeans.

The significant increases in the-

extractable molybdenu m content of the soil that resulted
from application of calcium carbonate ma y be due to small

66
Table 17.
- The effects of rates of calcium carbonate on the
soil reaction, the yield and the m o l y b d e n u m content of
the soil and the leaves of Bossier soybeans grown field
conditions on Acadia silt loam.l
(Experiment 2)

CaC 0 3
T reatments2

Soil
Reaction
pH

tons per ha

Yield of
Soybeans

Mo content
Soil
Leaves

kg per ha

parts per million

0

4.9

1726

0.22

0.29

4.5

5.4

2208

0.21

0.33

9.0

5.9

2448

0.25

0.34

13.5

6.3

2448

0.28

0.40

18.0

6.6

2480

0.28

0.41

339

0.03

0.02

LSD,

5%:

^The experiment was located on the N. W. McHenry Farm,
Ouachita P a r i s h .
2a 11 treatments included 29.7 kg per ha of P and 56 kg
per ha of K supplied as a mix e d fertilizer.
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amounts of molybdenum present in the calcium c a r b o n a t e ,
which was not chemically pure.
The effects of calcium carbonate and methods of
application of molybd e n u m on soil reaction, yield and
molyb d e n u m contents of the soil and the leaves of Bossier
soybeans grown under field conditions on Crowley silt loam
are presented in Table 18.
Application of 4.5 met r i c tons per hectare of
calcium carbonate adjusted the soil reaction from pH 6.4
to pH 6.7.

Application of 9.0 metric tons per hectare of

calcium carbonate resulted in a soil reaction of pH 7.0.
The application of calcium carbonate did not have a
measurable effect on the extractable m olybdenum content
of the soil.

Application of 9.0 tons per hectare of cal

cium carbonate resulted in a significant increase in the
content of m olybdenum in the leaves of Bossier soybeans
grown on Crowley silt loam.
Application of molyb d e n u m to the foliage of plants
or to the seed did not result in a significant increase in
A

the m olybdenum content of the soil.

M olybdenum applied

broadcast to the soil resulted in a significant increase
in the extractable molybdenum content of the soil.

The

foliar or soil application of molyb d e n u m increased the

68
Table 18.
- The effects of calc i u m carbonate and methods of
application of molyb d e n u m on soil reaction, yield and
molybdenum contents of the soil and the leaves of
Bossier soybeans grown under field conditions on
Crowley silt loam.1
(Experiment 7)

CaC 0 3 and Mo
Treatments

Soil
Reaction
pH

CaCo-D :
(a)
Check
(b)
Seed^
(c)
Foliar^
(d)
Soil4
4.5 tons/ha CaCO :
(a)
Check
(b)
Seed
(c)
Foliar
(d)
Soil
9.0 tons/ha C a C O ^ ;
(a)
Check
(b)
Seed
(c)
Foliar
(d)
Soil
LSD, 5%:

Yield of
Soybeans
C
kg per p l o t J

Mo content
Soil
Leaves
parts per millioi

No

6.4
6.4
6.3
6.4

0.99
1.20
0.91
1.14

0.31
0.31
0.30
0.46

0.14
0.17
2.02
0.22

6.7
6.7
6.7
6.7

0.77
0.91
1.00
1.02

0.31
0.32
0.32
0.48

0.14
0.29
2.48
0.59

7.0
7.0
7.0
7.0

0.90
0.94
1.31
0.99
ns

0.31
0.33
0.32
0.49
0.08

0.29
0.33
2.51
1.29
0.06

^"The experiment was conducted at the Rice Experiment St a 
tion, Crowley.
The seed were treated with m o l y b d e n u m at a rate ff 17.5
grams per hectare immediately before inoculation.
3
Molybdenum was applied to the foliage at a rate of 210.2
grams per hectare as a spray in split applications;
105.1 grams
per hectare when soybeans wer e up to a stand, and the remainder
when plants were blooming.
^Molybdenum was applied broadcast to the soil at a rate of
0.56 kg per hectare before seeding.
5
•Yield was measured from 2 harvested rows 0.81 m wide and
7.60 m long.
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m o l y b d e n u m content of the leaves at all rates of calcium
carbonate.
The application of calcium c a r b o n a t e , or molybdenum,
or a combination of the two, to Crowley silt loam did not
increase the yield of soybeans.

The lack of yield response

obtained from the calcium carbonate and m o l y b d e n u m addi
tions was attributed to the relatively high pH and high
extractable m o l y b d e n u m content of the untreated soil.
These findings are in agreement wit h other research co n 
ducted under field conditions w h i c h indicated that responses
to m o l y b d e n u m w o uld not be expected whe n the p H of the soil
was above 6.2

(56).

The effect of soil reaction and applications of
phosphorus on the mol y b d e n u m content of the seed of Lee
soybeans grown under field conditions on Olivier silt loam
are presented in Table 19.
Report of Projects

The yield data was reported in

for 1969 of the Department of Agronomy

(48) .
When the soil reaction of Olivier silt loam was
adjusted from pH 5.0 to pH 6.4, the application of p h o s 
phorus as normal superphosphate,

8.7% P, reduced the m o l y b 

denu m content of the seed of Lee soybeans.

When the soil

reaction was pH 7.0, the application of phosphorus resulted
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•Table 19. - The effect of soil reaction and application of
phosphorus on the molybdenum content of the seed of
Lee soybeans grown under field conditions on Olivier
silt loam.1 (Experiment 14)

Soil
Reaction

Phosphorus
Applied ^
kg per ha

pH
5.0

-

29.3

5.0
5.6

-

29.3

5.6
6.4

-

29.3

o

«

6.4

-

29.3

7.0

Mo content
of seed
ppm

Yield of Soybeans
Jcg per
kg per
ha
plot

0.28

1.73

417

0.16

2.45

574

0.27

2.00

468

0.20

5.40

1265

0.60

5.04

1180

0.32

5.95

1392

0.40

7.26

1701

0.83

6.22

1456

1The experiment was conducted at the Louisiana Agricul
tural Experiment Station, Agronomy Research Farm, Baton Rouge,
1969.
The source of phosphorus was normal superphosphate,
8.8% P.

«
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in an increase in the m o l y b d e n u m content of the soybean
seed.

These results are in agreement w i t h those of

Widdowson

(66) who reported that superphosphate application

depressed the molybd e n u m uptake by beans and the effect was
overcome by lime.
et al.

Muld e r

(40), Ouelette

(45), and Stout

(61) attributed the depressing action of superphos

phate on molybd e n u m uptake to the sulphate ion and not to
the phosphate ion.

Ouelette

(45) reported that m o lybdenum

deficiency did not occur in ladino clover unless super
phosphate was applied.
Soil reaction and extractable soil molybdenum used
to predict a yield response b y soybeans grown under field
conditions to applications of molyb d e n u m are presented in
Table 20.
An equation proposed by Mueller et al.
on soil reaction

(39) based

(pH) and the extractable molybdenum content

of the soil, was used to measure a yield response by so y 
beans to applications of molybdenum.

The data in Table 20

indicate that a response to application of m olybdenum to the
soils was usually obtained w h e n the calculated value from
the proposed equation was less than 7.5.

A significant

yield response was obtained from the use of molyb d e n u m on
seven of the 15 soils used in the m o l y b d e n u m investigation.

Table 20. - Soil reaction and extractable soil molybdenum used to predict a yield
response by soybeans to applications of molybdenum under field conditions

Experiment
Identifi
cation
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Soil
Type
Acadia sil
Acadia sicl
Alligator Perry c
Calhoun sil
Calhoun sil
Commerce sil
Crowley sil
Crowley sil
Crowley sil
Gallion vfsl
Jeanerette sil
Mantachie fsl
Norwood sil
Olivier sil
Perry c
Robinsonville vfsl
Yahola vfsl

Soil
Reaction
Ph
5.7
4.9
5.1
4.9
5.1
7.2
6.5
5.6
6.0
5.2
5.4
5.4
7.7
5.0
5.1
6.2
7.5

Extractable
Soil
Molybdenum
ppm
0.05
0.22
0.42
0.21
0.17
0.22
0.27
0.18
0.14
0.04
0.14
0.22
0.04

(10 x°ixt?actable
molybdenum)^
6.2
7.1
9.3
7.0
6.8
9.4
9.2
7.4
7.4
5.6
6.8
7.6
8.1

---

---

0.23
0.18
0.03

7.4
8.0
7.8

1-A significant response to molybdenum is expected when the soil pH +
tractable Mo) isX^7.5

2

* Denotes a significant difference at the 5% level of probability,
a non-significant difference.

Measured
Response
*2
-ns
ns
*
ns
ns
*
*
*
*
ns
ns
—
*
ns
ns
(10 x Exto
ns denotes
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The predicted response from the m olybdenum application to
Calhoun silt loam was not obtained.

The Calhoun silt loam

had a pH of 4.9 and the extractable molybdenum content was
0.21 ppm.

The lack of a measured response to molybdenum

application may have been due to low soil pH and a low
level of calcium accompanied by a relatively high level
of soluble manganese in the soil system.

A significant

response to application of molyb d e n u m was predicted and
measured on Acadia silt loam
loam

(Experiment 1), Calhoun silt

(Experiment 5), Crowley silt loam

Gallion very fine sandy loam
silt loam

(Experiments 8 and 9),

(Experiment 10), Jeanerette

(Experiment 12), and Perry clay

(Experiment 15).

The data indicate that soil reaction and ammonium oxalate
extractable molybdenu m content of the soil may afford an
acceptable diagnostic technique in predicting a response
to application of molybdenum.

SUMMARY AND CONCLUSION

Three experiments were conducted on Baldwin silty
clay loam, Buxin silty clay loam and Olivier silt loam to
determine the effect of calcium carbonate on soil reaction,
the production of dry matter and the molyb d e n u m content of
the soil and leaves of Lee soybeans grown under greenhouse
c ondi t i o n s .
The calcium carbonate treatment did not increase
the production of dry mat t e r or the extractable molybdenum
content of Baldwin silty clay loamy however,

it increased

the concentration of molyb d e n u m in the leaves.of Lee soy
beans.

The calcium carbonate treatment significantly

increased the production of dry matt e r and concentration
of molybdenum in the leaves of soybean plants grown on
Buxin silty clay loam and Olivier silt loam.

Measurable

differences in the molyb d e n u m content of the Buxin and
Olivier soil were not associated wi t h calcium carbonate
addition.
Five experiments were conducted on Calhoun silt
loam, Crowley silt loam, Gallion very fine sandy loam,

and Jeanerette silt loam to determine the effects of
applications of molybdenum and calcium carbonate on soil
reaction,

the production of dry mat t e r and the molyb d e n u m

content of the soil and the leaves of Dare soybeans
grown under greenhouse conditions.
Application of m olybdenum increased the dry
matter production of soybeans on Calhoun silt loam,
Crowley silt loam, and Gallion very fine sandy loam.
Application of molybdenum did not increase the p r o d u c 
tion of dry matter of soybeans grown on Jeanerette silt
loam.

Application of molyb d e n u m increased the extract-

able molybdenum content of the soils and the leaves of
soybean plant.

Application of calcium carbonate

increased the dry matter production of plants on all of
the soils; however,
soil molybdenum.

it did not increase the extractable

Application of calcium carbonate

increased the concentration of m o l y b d e n u m in the leaves
of plants on Calhoun silt loam, Crowley silt loam,
Gallion very fine sandy loam, and Jeanerette silt loam.
The highest concentration of m o l y b d e n u m in the soybean
leaves was obtained whe n calcium carbonate was used
with 0.6 ppm of molybdenum.

An experiment was conducted on Norwood siit loam
to determine the effects of application of molybdenum
and sulphur on soil reaction,

the production of dry

matter and the molybd e n u m contents of the soil and the
leaves of Dare soybeans grown under greenhouse conditions.
The application of 1.8 metr i c tons per hectare of
sulphur applied as sulphuric acid was required to reduce
soil reaction from pH 7.7 to 7.2.

The application of

molybdenum and sulphur, or a combination of the two,
did not increase the dry matter production of the soy
bean plants.

The sulphur treatments did not affect the

extractable molybdenum content of the soil; however, both
the sulphur and molybdenum applications increased the
molybdenum content in the leaves.
A method proposed by Muel l e r et al.
on soil reaction

(pH)

(39) based

and extractable soil molyb d e n u m was

used to predict a vegetative response of soybeans to
application of molybdenum,

a response was obtained from

the application of m o l y b d e n u m to soils when the value
obtained from soil pH +(10 x extractable Mo) was less
than 7.5.
Experiments were conducted on Calhoun silt loam
and Gallion very fine sandy loam to determine the effects

of applications of molybdenum and nitrogen on the
production of dry matter,

and the molybdenum, nitrate-

nitrogen and total-nitrogen contents of the leaves of
non-nodulating and nodulating strains of Lee soybeans
grown under greenhouse conditions.
The m olybden u m treatments did not increase
the dry matter production of the non-nodulating strain
of Lee soybeans

(D64-4716). The same treatments, however,

increased the dry matter production of the nodulating
strain of Lee soybeans.
nitrate,
strains.

The nitrogen,

applied as sodium

increased the dry matter production of both
Application of nitrogen with m olybdenum did

not result in an additional increase in dry matter
production.

The molyb d e n u m treatment increased the

molybdenum content, but it did not result in a red u c 
tion in nitrate-nitrogen content in the leaves of both
strains of Lee soybeans.

Application of nitrogen

increased the total-nitrogen content in the leaves.
An experiment was conducted on Acadia silt loam
to determine the effects of rates of calcium carbonate
on the soil reaction,

the yield and the molybdenum

content of the soil and the leaves of Bossier soybeans
grown under field conditions.
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Application of 18.0 met r i c tons per hectare of
calcium carbonate resulted in an increase in soil pH
from 4.9 to 6.6.

A significant increase in the yield

was obtained from the application of 4.5 met r i c tons
per hectare of calcium carbonate.

Calcium carbonate

treatments increased the extractable molyb d e n u m content
of the soil and m olyb d e n u m content of the soybean leaves.

The increase in the extractable molybdenum content of
the soil may have been due to the small amount of molyb
denum present in the calcium carbonate material.
An experiment was conducted on Crowley silt loam
to determine the effects of calcium carbonate and methods
of application of mol y b d e n u m on soil reaction, yield,

and

the molybdenum content of the soil and the leaves of
Bossier soybeans grown under field conditions.
Application of molybdenum,

calcium carbonate,

or a combination of the two, did not increase' the yield
of soybeans grown on Crowley silt loam.

M o l y b d e n u m applied

broadcast to the soil resulted in an increase in the
extractable molybdenum content of the soil.

The foliar

or soil application of m o l y b d e n u m increased the molyb d e n u m
content of the leaves at all rates of calcium carbonate.

An experiment was conducted on Olivier silt loam
to determine the effect

of soil reaction and application

of phosphorus on the m o l y b d e n u m content of the seed of
Lee soybeans under field conditions.
When the soil reaction was adjusted from pH 5.0
to pH 6.4, the application of phosphorus,
superphosphate,
seed.

as normal

reduced the m olybdenum content of the

When the soil reaction was pH 7.0, the application

of phosphorus increased the m o l y b d e n u m content of the
seed.
Under field conditions a yield response by soy
beans was usually obtained from the molybdenum application
when the value obtained from soil pH +

(10 x extractable

Mo) was less than 7.5.
Based on the results of this investigation, the
following conclusions wer e drawn:
1.

A p plication of calcium carbonate to the soils

increased the m o l y b d e n u m content of the leaves of soybean
plants.

The apparent increase in the "availability"

of molybdenum could not be meas u r e d by extracting the
soil with ammonium oxalate.

2.

Application of calcium carbonate to the soil

eliminated a growth response by soybeans to added
molybdenum.
3.

Application of normal superphosphate reduced

the content of molybdenum in the seed of soybeans.

This

effect could be overcome by liming the soil to near
neutrality.
4.

A response to molybdenum application was

generally obtained by soybeans when the value of soil
pH +

(10 x Extractable Mo) was less than 7.5
5.

The low content of extractable m olybdenum in

the Calhoun silt loam and Gallion very fine sandy loam
limited the soybean plant growth by limiting nitrogen fixa
tion by the soybean-Rhizobium complex,

and probably did

not limit the growth through nitrate reduction in the
plant.
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